Prescription errors are not uncommon in clinical practice. At the Bukit Merah Polyclinic, the rates of prescription errors for the month of May and June 2009 were 0.40% to 0.45% respectively. The error rates for other clinics at Singhealth Polyclinics ranged from 0.35% to 0.97% over the same period of time. The objective of the project was to reduce electronic prescription error rates at the Bukit Merah Polyclinic. Initial data showed that most of the errors occurred because of wrong patient identification, as well as errors in dosing and frequency which were perpetuated by repeating mistakes made previously when all the medications were repeated en-bloc in our Electronic Prescription Manager (Rx Manager). Using Quality Improvement tools, the team identified possible causes, and implemented interventions. Our interventions, abbreviated "IR" as an easy-to-remember mnemonic, were targeted at the main sources of errors. This involved "I"dentifying the patient correctly and "R"e-typing and amending the erroneous prescriptions on our Rx Manager, "R"e-printing and "R"e-sending them to the pharmacy, before dispensing could occur. Post-intervention results were analysed to evaluate the effectiveness of the measures taken. The results showed a significant and sustainable drop in our prescription error rates (0.45% in June 2009 before the commencement of the interventions, compared to 0.15% in December 2009, upon completion of the project). By targeting patient identification and correcting mistakes made in the Rx Manager, we managed to reduce electronic prescription error rates.
INtRODUCtION
In a recent study by Avery et al 1 , conducted in a Family Practice Residency Program in Bahrain, he reported an error rate of 88% out of nearly 2,700 dispensed prescriptions. These figures showed that the problem is indeed very significant and real. Most patients require a prescription after consulting with the doctor. As in any human process, it is possible for the doctors to commit a prescription error. These prescription errors can result in morbidity and mortality. They are also a cause for litigation of medical negligence and professional malpractice.
Errors can also happen whenever there are changes in types of medications, their dosages, or even from reporting errors from the patients themselves who may be confused about their medications. This was noted by Wagner et al 2 , and they recommended that a common electronic prescription software be used by everybody in the system. This would improve communication within the system.
Bukit Merah Polyclinic is one of 9 polyclinics in SingHealth, and sees about 600 patients daily. Currently, prescriptions at SingHealth Polyclinics are done through an electronic system called Electronic Prescription Manager (Rx Manager). Due to the heavy workload at the clinic, the busy doctors may make unintended prescription errors. This was also illustrated in a study by Wingert et al 3 , which demonstrated a causal link between the pressure of a busy paediatric emergency room and * Presented at the MOH 7th Healthcare Quality Improvement Conference 2010 held in Singapore on 6-7 October 2010 where it won a merit award; also won the Best Poster award at the SingHealth Quality Convention held in Singapore on 17 September 2011.
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The aims of the project were to:  Determine the prescription error rates among doctors;
 Implement interventions that aim to minimise prescription errors.
MEtHODOLOGY
The project was conducted from May 2009 to December 2009. A team was formed at the clinic to embark on the project. To provide a more accurate perspective of the problem, various members of the healthcare team were involved in the project. The team of 6 members comprised of 3 doctors, 1 clinic manager, 1 pharmacy manager and 1 nursing manager, thus giving fair representation to the various healthcare professionals in the primary care clinic. The doctors were included in the team as they typed out the prescriptions. The clinic manager was involved as amended prescriptions had to be re-sent to the pharmacy via the health attendants, and her input to the project would be invaluable. The pharmacy manager, in charge of the pharmacy and reporting prescription errors, was in the team as well. A nursing manager was recruited, as our nurses play the role of health counsellors, and they could pick up prescription errors and report them.
SingHealth Polyclinics tracks the prescription error rates of individual clinics as part of its clinical governance framework, and this information is provided to all staff regularly. Because the process tracked all prescription errors across the clinics, rather than a sampling, the data obtained accurately reflected the true electronic prescription error rates.
Prescription error rate was defined as:
Total number of prescription errors x 100% Total number of prescription lines A recent prospective study done by Singh et al in 2009 showed a prescription error rate of 0.33% at an unnamed tertiary care facility 4 . The rates of prescription errors for the month of May and June 2009 in Bukit Merah were 0.40% to 0.45% respectively. The error rates of other Singhealth Polyclinics ranges from 0.35% to 0.97%, over the same period of time. Considering the above, the team decided on a target of less than 0.20% prescription error rate, over a period of 6 months.
Identifying the Problem
The current workflow (see Fig. 1 , overleaf ) in Bukit Merah polyclinic was reviewed to see how the prescription "flowed" through the clinic. This helped to identify areas that could contribute to prescription errors.
The team brainstormed and identified possible causes of prescription errors. These were grouped into major categories, and summarised in an Ishikawa diagram.
The team went on to rank the contribution of each of these factors by casting votes. The votes are plotted into a Pareto Chart. From that, the top significant causes for prescription errors (i.e. those falling within 80% -this was based on the Pareto principle 80-20 rule, where 80% of the effects come from 20% of the causes) were determined. With the results, the team discussed various interventions, and chose to implement 2 of them.
Prescription error data was collected by Singhealth Polyclinic (SHP) Head Office, based on the reporting of every single prescription error encountered by the clinic pharmacy staff. Such prescription error rates data was collected from baseline, throughout the duration of the study, as well as in the postintervention period.
ANALYsEs AND INtERVENtIONs
Analysing the various types of prescription errors in Bukit Merah polyclinic, the team observed that the top 2 causes of prescription errors were: Contributing factors leading to prescription errors are listed in the Ishikawa diagram (see Fig. 2 ). Based on the Pareto Chart ( Fig. 3, overleaf ) , the top 6 factors resulting in prescription errors were as follows : 
Interventions
After discussion, the team implemented 2 interventions to address the top 2 types of prescription errors:
 "I"dentify patient (to address the issue of doctors not verifying patient identity);
 "R"e-type, "R"e-print, "R"e-send amended prescriptions (to address the issue of Rx Manager entries not being updated/ amended).  first signature next to the patient's name (to signify that the patient's identity has been verified)
 second signature above the doctor's name (to signify that the prescription lines/ items have been checked)
Only after this is done will the prescription be handed over to the patient.
The pharmacist on the receiving end, upon seeing the double signatures, will know that the doctor has checked the identity of the patient.
Intervention 1: "I"dentify patient
Prescription errors rates are quantified by the number of erroneous prescription lines. Therefore, if the identity of a single patient is wrong, and if he/she has been prescribed 12 medications, this equates to 12 erroneous prescription lines.
In this intervention, the identity of the patient is to be checked. This is done by the doctor asking for the patient's identity, and confirming it with the relevant case notes and information in the computer system.
After verifying the patient's identity at the end of the consultation, the doctor is required to sign at 2 places on the prescription: Previously, when the pharmacist picked up the prescription error, the practice was to call the doctor, enquire about the error, and then make corrections to the printed prescription paper before dispensing medication to the patients. However, information in the electronic system did not get corrected, as the pharmacists do not have either the access or the right to change prescriptions in the system.
When the same patient came back for a followup consultation, the new doctor who attends to this patient may not know about the amendment made during the earlier consultation, as the system had not been updated (even though in the earlier visit, the pharmacist had spotted the error, called up, verified, and corrected the error before dispensing).
If the new doctor repeats the same medications as reflected in the un-amended medical record system, the same error is perpetuated again. This becomes a vicious cycle where the error does not get amended at all, each and every time.
Intervention 2 was implemented to ensure that the doctors "R"e-type, "R"e-print and "R"e-send an amended prescription to the pharmacy before dispensing can occura. This is to ensure that the electronic prescription system gets amended once the error has been picked up, thus preventing further perpetuation of such prescription errors as described above.
Implementing the 2 interventions "IR"
A revised workflow, incorporating the interventions "IR", can be seen in Fig. 4 (previous page) .
To facilitate the implementation of the above 2 interventions, a mnemonic "IR" was coined to make it easier to remind our doctors of the 2 interventions described above.
To constantly remind our doctors, a flash card was stuck to the desktops in every consultation room.
REsULts
Subsequently, data was obtained from the monthly Singhealth Polyclinic (SHP) Clinical Quality Indicators (CQI) report. The purpose of this data collection is to assess if the implemented interventions had resulted in an improvement. Table 1 shows the data collected from May 2009 to April 2010. The interventions described above were implemented at the beginning of July 2009. At the end of December 2009 (completion of the project), the prescription error rate was reduced to 0.15%, which was lower than the target of 0.20%. The effects of the intervention carried on after project completion, reducing prescription error rates further, to 0.08% in April 2010.
DIsCUssION
The project has helped define the problem for the clinic, and implemented measures to rectify the problem. The final results showed that there is an improvement in the prescription error rates. Even upon completion of the project in December 2009, the prescription error rates remained low, and dipped to the lowest of 0.08% in April 2010 (see Fig. 5 ). This demonstrated the sustainability of the project.
This project was a Quality Improvement journey for the doctors. It took them a while before they could get used to implementing "IR" for every single patient they saw. There were times when they either forgot to verify the patient's identity, or forgot to re-send the amended prescriptions.
However, with constant reminders over time, as well as showing them the monthly Singhealth Polyclinic Clinical Quality Indicators prescription error rate and the improvement brought about by the interventions, they managed to see the value in the changes, and also got more used to implementing "IR" for all the patients seen.
As the monthly error rates kept improving, it acted as an incentive to the doctors, who could see their efforts paying off. This provided positive reinforcement that spurred them on even more, acting in the best interests of patient safety.
The pharmacists who picked up such prescription errors would provide valuable feedback, thus enabling the doctors to amend the errors so as not to perpetuate it.
There were some challenges in the implementation of the project. The interventions involved all the doctors in the polyclinic verifying the identity of the patient, as well as to re-print any erroneous prescriptions. The initial feedback from them was that it increased their heavy workload. There were also times when they forgot to double-sign the prescriptions, resulting in the pharmacy Proceedings of Singapore Healthcare  Volume 20  Number 2  2011 having to confirm with them regarding identity verification.
Constant reminders in the form of flash cards on the desktop, as well as education and due encouragement to the doctors, helped to highlight to the doctors that these interventions were implemented in the best interests of our patients. The doctors found the flash cards on the desktop to be useful.
The help of the pharmacists was also sought to track non-compliance to the interventions and feedback was given to all the doctors.
Through such a process of feedback and encouragement, the doctors became more aware of the need for such interventions to reduce prescription errors, and it became a habit for many of them. During the 6 months of audit, most of the prescriptions were doubly signed, and errors amended in the electronic prescription.
 Unfamiliarity of Interventions by Locums and Relief Doctors
Over the duration of the project, the pharmacy had feedback that the bulk of the non-compliance to the "IR" interventions came from locums and relief doctors. This was despite the briefing sheet given to them, together with a briefing by members of the team or clinic manager/executive (one of the project team members), as well as the flash cards on the desktops.
The pharmacists were tasked to call such doctors up whenever they did not adhere to the interventions, to constantly remind them of the above. Through such measures, the team hopes to see an improvement in their compliance to the interventions.
 Blind Adherence
There have been very rare instances whereby the pharmacist picked up prescriptions that had been doubly signed, but there was still an error in the patient identity. After some investigations, it was found that the doctor had not actually verified the patient's identity, but still doubly signed so that the prescription would be processed.
Though such occurrences were rare, they were brought to the attention of the doctors involved, and the severity of such errors was highlighted. Over the duration of the project, with the appropriate feedback, such occurrences dropped to almost none.
CONCLUsION
The "IR" interventions implemented brought about an improvement in the percentage of prescription errors. What this translated to was a better practice, which emphasised a high degree of patient safety when it came to prescribing, and minimised the morbidity or mortality which could potentially result from such prescription errors.
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